THE EFFICIENCY OF LANDFILL LEACHATE TREATMENT USING THE FENTON'S REAGENT
degradation of volatile fatty acid (VFA) occurs, and pH increases to approximately 7. Along with the time of landfilling and increased advantage of anaerobic processes taking place in the bed, ammonium nitrogen appears in leachate in high concentrations (3000 -5000 mg/L), the value of COD is 5000 -20,000 mg/L, and BOD/COD ratio is lower than 0.1 [Foo, Hameed, 2009 , Guo et al. 2010 , Ahmed, Lan 2012 .
Leachate treatment with biological methods is widely used, most of all due to low operating costs. However, these methods do not provide sufficient efficiency of the removal of organic substances resistant to biological degradation, whose amount increases in later phases of biochemical changes of the landfill. Therefore, for treatment leachate from old landfills, more expensive physicochemical processes, such as: coagulation and flocculation [Amokrane et al. 1997 , Aziz et al. 2007 ], adsorption on activated carbon [Foo, Hameed 2009 ], membrane filtration [Tabet et al. 2002 , Li et al. 2010 or advanced oxidation [Rivas et al. 2004 , Singh, Tank 2013 are used.
Although the process of advanced oxidation using Fenton's reagent was discovered and described over 100 years ago, this method was adapted to remove refractory substances from leachate only in the 90s (Huang et al., 1993 
Hydroxyl radicals efficiently mineralise or convert indecomposable organic compounds to biodegradable forms, which are then removed in biological processes. During reactions between substances dissolved in landfill leachate and Fenton's reagent, compounds with high molecular mass are converted into compounds with low mass, and complex aromatic and aliphatic hydrophobic chains are transformed to substances with the hydrophilic structure [Zhao et al. 2013 /COD. The aim of the study was the assessment of effectiveness of organic substances removal with the method of advanced oxidation with Fenton's reagent. In the study the influence of varied doses of Fenton's reagent (Fe 2+ and H 2 O 2 ) and molar ratio of reagents to such parameters like effectiveness of removing organic substances expressed as COD and BOD 5 , as well as the change of the relation BOD 5 /COD were determined.
METHODOLOGY Materials
For research raw leachate derived from 22 year old municipal landfill in Kozodrza (Poland) were used, which is the main landfill in the SubCarpathian region, where non-hazardous municipal wastes are received in the average amount of 55.8 thousand Mg/y. Leachates were characterised by the concentration of organic substances expressed as COD on the level of 4785 mg/L, and BOD 5 -636 mg/L. Accordingly, the ratio of BOD 5 /COD was 0.13. Mixed leachates were collected from the retention reservoir to 25 L plastic tanks and immediately transported to the laboratory, where they were stored for further analyses in 4 °C in the dark.
Experimental procedure
Studies on the leachate treatment with the Fenton's reagent were conducted in static conditions, in laboratory reactors with the capacity of 1 L, at a temperature 20 °C using 100 rpm stirring. Chemical reagents were dosed once at the beginning of the cycle, in the mixing phase, directly to the reactor. 
RESULTS AND DISCUSSION
In raw leachate concentration of organic substances expressed as COD and BOD 5 was respectively 4785 mg/L and 636 mg/L. After the treatment with the method of advanced oxidation using Fenton's reagent, regardless of the dose and ratio of the used reagents, both COD, and BOD 5 was lowered ( Figure 3 ).
It was stated that regardless of the molar Fe Numerous literature data report the increase of concentration of biodegradable organic matter expressed as BOD 5 after the application of the advanced oxidation for the treatment of wastewater [Renou et al. 2008 , Umar et al. 2010 . In this study, a decrease of BOD 5 Considering the concentration of biodegradable organic substances (BOD 5 ) its decrease was also observed and so the efficiency of removing BOD 5 was also calculated. The efficiency of treatment was higher than in case of COD ( Figure 4) and was within the range from 62 to 77%. The highest efficiency of BOD 5 removal was stated in case of using the 1:3 molar ratio of reagents, regardless of the dose Fe As it follows from the above mentioned data, the ratio of H 2 O 2 /COD used in the studies was correct, and the lower effectiveness of treatment than the one given in literature may result from the lack of regulation of the pH. Due to the application character of this study, the pH equilibration step was abandoned, because of technological problems and additional costs that may occur in technical scale on the treatment plant.
The initial oxidation of organic compounds depends also on the concentration of Fe 2+ . In this studies the ratio of Fe 2+ /COD in the range from 0.02 to 0.1 was used (Figure 2 ). 
The excess of H 2 O 2 may also cause flotation of the sludge due to the presence of O 2 in the gaseous form [Singh, Tang 2013] .
As a measure of the biodegradability potential of organic compounds in leachate, the ratio of organic carbon measured as BOD to organic carbon measured as COD is widely accepted. Thus, this ratio is the uppermost indicator from the technological point of view, when designing biological treatment of leachate is planned for a given object. In this case, raw leachate was characterised with the ratio BOD 5 /COD at the level of 0.13.
Due to a slight reduction of COD concentration and quite large BOD 5 decrease, the ratio between both indicators after treatment became lower than before, regardless of the applied research variant ( Figure 5 ).
The lowest BOD 5 /COD ratio was observed for the dose of 
CONCLUSIONS
The study analysed the influence of Fe 2+ dose and molar ratio of Fe In the studies higher effectiveness of BOD 5 removal than COD was also stated, what caused the decrease of proportion BOD 5 /COD in leachate after treatment. Presumably, in proposed technological conditions the biodegradable organic compounds were more susceptible to convert to mineral forms, than refractory macromolecular compounds to biodegradable forms.
